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From the Department of Chemical Pathology, University ofLeeds (%) of the elderly and their contribution to each subgroup of the general population ( %). in general hospitals (Table 2 ).1 Any increase in the small minority of the elderly who require hospital care will clearly greatly restrict the amount of hospital care available for the young and middle aged.
However, the impact of the elderly on a hospital service is not due to their numbers alone. Many of them die, which is taken as the ultimate failure of medical care, and many of those who do not die stay in hospital for a long time (Table 3) .2 The elderly, therefore, prevent admission of many more than an equal number of younger patients.
The demand from the elderly for the limited resources available for health care is accelerating. The increasing occupation of hospital beds by elderly patients, even in acute hospitals, is well known and can be regarded as a misuse of resources; the elderly 'block' scarce and expensive acute beds.
The aim of clinical medicine is to detect specific diseases and cure them (the medical model). But success of that kind is unlikely in the majority of the elderly who reach hospital. There is a loss of the dynamism and sense of achievement which many see as the major attraction of hospital medicine. Medical education, from the basic scienoes to ward teaching, emphasises the young, the dramatic, and the successful, and little is said of the physiological differences between the elderly and the young or of the different nature, type, and presentation of disease in the elderly.
A fundamental question is to what extent the differences between the elderly and the young can be attributed to ageing alone and to what extent they are due to age-related diseases. For chemical pathology, a more mundane but nevertheless important practical problem is the choice of reference ranges for the elderly or, to put the problem another way, to decide what chemical and physiological differences in the elderly can reasonably be attributed to ageing alone. This brief review is an attempt to bring together these various aspects of the challenges set by the elderly and to arrive at a brief but hopefully useful summary of them. present in a person is the average value in the population The scientific discipline concerned with senescence The diseases that are much more common in the elderly than in the young; usually 'degenerative diseases' (Mathematical) attempts to explain the logarithmic increase in age-specific mortality rates in the elderly Explanations of senescence (which often take the age-specific mortality rate as an index of senescence) All elderly patients admitted to hospital are given a clinical diagnosis; none is regarded as simply senescent. The common diagnoses among the elderly in hospital are shown in Table 4 . 2 The major ones are either age-related diseases more common in the elderly, such as cardio-vascular disease, or diseases restricted to the elderly (senile dementia, cataract, and fracture of the femur). However, even those diseases which are said to be more common in the elderly than in the young may not be different in nature or cause in the two groups. For example, the risk factors for ischaemic heart disease are very different in the young and the old, and it is doubtful if hypertension is the same disorder in the old and the young. The causes of admission in the elderly are also the major causes of death in the elderly in hospital (Table 4 ). These common age-related diseases which are the reported causes of death in the elderly, are spoken of as degenerative diseases, with the implication that they are related to ageing and cannot be cured.
FUTURE IMPACT OF THE ELDERLY

ON HOSPITAL RESOURCES
A major cause of concern for the future of hospital services is that the total number of elderly in the population is going to increase ( Table 5 ). The impact of each old person is greater than the impact of each elderly person, and it is therefore particularly disturbing to note (Table 5) that the increase will be Table 4 Relative frequency (%) of various diagnoses as cause of admission to hospital and as causes of death in hospital among women over 75 years old." Morgan proportionally greatest in the old (over 75 years); indeed the number of elderly persons between 65 and 74 will decrease.
IMPACT OF THE ELDERLY IN HOSPITAL
ON THE CHEMICAL PATHOLOGY SERVICE
Much of the workload of chemical pathology is from hospital patients. The elderly occupy 30-40 % of hospital beds but create a much smaller percentage of the workload, with a very small percentage from some large groups such as the chronic mentally ill. Any move towards screening elderly inpatients or outpatients would cause a disastrous increase in the total workload for chemical pathology.
The elderly in the community
About 94 % of the elderly live in the community and can be considered in three groups ( Fig. I These changes in senescence cannot easily be paired with the age-related diseases and causes of death (Table 4 ) except perhaps for the vascular diseases. It must be remembered, however, that it is convention that all patients have a disease and senescence alone is not regarded as a cause of death. That view will probably be increasingly challenged," disability due to osteoarthritis and osteoporosis (with backache) is common, and many of the elderly with some intellectual deterioration, and even quite severe dementia, must be in the community or in old people's homes. All of these, except perhaps the cardiovascular disorders, can be regarded as no more than extremes of senescence. However, even the argument that these cardiovascular disorders are not part of senescence may not be all that strong. Many elderly patients are given diuretics when the only evidence of heart failure is ankle oedema, and that may be gravitational. Others are given the diuretics for hypertension, but the hypertension of the elderly is systolic rather than diastolic and may be largely explained by the decreased elasticity of the large arteries which accompanies ageing. Furthermore, in some elderly persons the raised blood pressure may be what is required to maintain an adequate blood flow to the vital organs.
It is therefore not necessarily the case that the minority of the elderly in the community who are receiving medical treatment are qualitatively different from the silent majority in the community. The typical elderly and old person (one of the silent majority) is different in many ways from the typical young or even middle-aged person. Some differences are secular, that is, they are due to changes in the general population over the years. A good example is height, where the difference between the elderly and the young at the present time is only partly due to a loss of height with age, and is mainly because young persons now grow to greater heights than in previous generations.
Other differences are the result of changes in the individual with age. These changes are in the direction of deterioration and together constitute senescence.P The changes are in structure and function and include a deterioration in physical ability", organ reserve, and homeostatic capacity and thus a diminished ability to respond to 'stress' (Table 6 ).
Chemical differences in the elderly
Hospital clinical chemistry is largely concerned with the plasma concentrations of a limited number of ions and molecules which are useful in the detection and management of disease.
Considerable efforts have been made to define age-specific reference or 'normal' ranges for these plasma constituents. The assumption is that some chemical differences between the elderly and the young can be attributed to senescence and that only greater differences than these are clinically relevant.
Disease must therefore be excluded in selecting the persons on whom the reference range will be based. The chemical differences detected in these 'normal' elderly compared with the young could be due to senescence alone, perhaps through less effective homeostasis, or to non-random selection of survivors, to differences in the environment of the elderly, or to sub-clinical disease. In the first case the difference will be universal in the elderly whereas in the other two, the average difference will be due to a large change in a minority with no changes in the others. Table 7 shows the results we obtained for some commonly measured components of plasma in young healthy persons and in a group of elderly women well enough to live alone and care for themselves (see Dybkaer et al. 6 for a review of the literature). Several points can be made about Table 7 . One is the surprising lack of change according to age in the plasma levels of urea and (X) Plasma Young Old creatinme in spite of a fall in the glomerular filtration rate (GFR) with age. In hospital practice, our standard assessment of GFR is therefore inappropriate for half the patients in whom it is used. Fortunately, the elderly person has as much renal function as he needs to excrete the reduced amounts of the end products of metabolism. The danger comes when the 'normal' plasma urea and creatinine levels in an elderly person are taken to mean the same GFR as in a young person, and they are given a standard dose of a drug which is excreted through the kidney and is toxic when retained in excess. Digoxin is an example, and an elderly person is at particular risk of digoxin toxicity for this reason. There is very little change with age in the concentrations of plasma albumin, fasting blood glucose, haemoglobin, plasma vitamin C or plasma vitamin D. There is an increase in alkaline phosphatase activity in the elderly, and this is due both to a shift in the population as a whole and to an excess of clearly high values. It has been said that all these high values can be explained by subclinical disease with Paget's disease of bone, fractures, rheumatoid arthritis or rarely osteomalacia." More recently, it has been suggested that unsuspected chronic hepatitis is a conmon cause of raised alkaline phosphatase in the elderly. 8
Defective homeostasis
Healthy elderly subjects are in a steady state with an internal chemical environment not much different from that of young persons (Table 7) . However, it is a precarious steady state (Fig. 2 ) and the elderly differ much more from the young when they are stressed or ill than when they are well.
Stress is used here for any event internal or external which could potentially change the internal environment. Many of these potential changes are prevented or minimised by homeostatic systems which are less efficient in the elderly than in the young. A non-specific example is that the elderly Fig. 2 An attempt to illustrate that whereas the steady state may be similar in the young and the old, the state is a much more unstable one in the old than in the young. are more likely than the young to die after an accident or a surgical operation. A specific example is in the homeostatic response to a glucose load. The basal value of blood glucose is similar in the elderly and in the young, whereas the rise in the blood glucose concentration after a glucose load is much greater on average in the elderly. It is argued, however, that this change in the average rise is due to a much greater change in a minority than in the others and that this minority have diabetes mellitus." This increase in the age-specific frequency of diabetes is probably additional to a universal deterioration in glucose homeostasis in the elderly.
The lower plasma albumin in ill elderly patients is regarded as a non-specific response to illness although our results suggest that, in institutionalised elderly, immobility may be a major factor. However, whatever the mechanism the change does seem to be much more common in the elderly than in the young.
A raised plasma urea and a low plasma sodium are common in ill elderly patients, not only because external causes are more common but also because relatively small stresses can produce greater changes in the elderly than in the young. In the case of the plasma urea this happens because of the loss of reserve function in the kidney and, in the case of the plasma sodium, because of the less efficient homeostatic system.
Among the elderly the plasma concentrations of vitamin C and vitamin D are lower in those who live in institutions than in those who live~the community. This difference is probably the result of environmental factors. The low plasma vitamin C level is largely the result of a low vitamin C content of food which has been allowed to stand after cooking, and the low plasma vitamin D level is in large part due to diminished exposure to sunlight.
Reference ranges for the elderly
Reference ranges are the expected values of a measured variable in a defined population and are used to detect the unusual members of that population. It is clear from the few examples discussed here that the elderly in the community are not much different from the young in the community; it is the minority groups of elderly who are ill at home or in hospital or in institutions who are different. These differences could be due to stress or illness, environmental differences to subclinical disease or because they are selected groups. Some of these differences seem to be present in the whole subgroup and do not seem to bring any disadvantage with them. It can therefore be argued that the range of values in that group is the appropriate reference range for the detection of unusual members of the group (although others argue the opposite).'? For example, low plasma vitamin C is universal in some groups of the elderly we have studied in institutions but there is no obvious disadvantage associated with it. l l The range, low though it is by general 'Standards, is therefore the appropriate reference range for the detection of patients at extra risk.
The future
The number of elderly people in the population will increase in the next 20 years. This increase is partly due to an improvement in the general state of health with an increase in the average life expectancy. However, there has been no increase in the maximum life span, and the average life expectancy is changing more slowly as it approaches the maximum life span. It seems likely that the maximum gain in average life expectancy will have been achieved by the end of this century in the western world, when the average age at death will be 85 with a 'normal' range between 77 and 93 years." Environmental causes of death (apart from accidents) will have been largely eliminated, and the pattern of death will be almost entirely determined by senescence. If this general argument is accepted, then it follows that even now most (say 80 %) of non-accidental deaths are due 261 to senescence. Health care will therefore be increasingly directed at smoothing the path of senescence. Monitoring and attempted therapy of an inevitable process will be increasingly seen to be unhelpful and wasteful.
The future role of clinical chemistry outside acute, extreme, and rare situations will need to be carefully defined if it is to be contributory, economic, and intellectually satisfying.
